Abstract-The purpose of this paper is to describe the feasibility research on an oscillating fin propulsion control system as a vehicle actuator. The system was designed and constructed in order to be combined with ship models. Tank cruising tests were conducted to confirm the system's feasibility. As a result, several advantages were found. The effectiveness of a neural network was successfully proven for an advanced control system.
I . Introduction
It is well known that marine creatures use the force of their oscillating fins to skillfully maneuver and propel themselves. Fin characteristics have been studied for many years from the viewpoint of bio-science [l] . Some have focused on hydrodynamic analyses of oscillating fins [2] , [3] . So far, there has been no sufficient approach from the viewpoint of a control system. The purpose of our research was to investigate the feasibility of an oscillating fin propulsion control system as a vehicle actuator. First, the system design method was created, and then a cruising test using the system was performed. Finally, prospective conclusions were made.
II . System Design
In the case of a controlled oscillating fin, it is very difficult to detect its motion directly. The control system should therefore be constructed so as to solve the problem of choosing and identifying the control parameters. Also, unless a mathematical model for the oscillating fin is created, designing a model based on the control system becomes too difficult. To cope with the problem, we applied a neural network system in the identification of the model and its control.
As for the control algorithm, software was made and added to the control computer device and a tank cruising test using the software was performed. The test device concept and a block diagram are shown in figures 2.1 and 2.2, respectively. A control algorithm was created using the neural network structure and shown in figure 2.3. In the system, a stratified layer network, which consisted of an input, a middle, and an output layer, was constructed as shown in figure 2.3. Back propagation using the input and tracking signals can create a self-organizing network by determining the synapse of the layers.
(1) Input signals are put into the input layer.
The algorithm is as follows;
(2) Calculation of each neuron's state change is accompanied sequentially by the signal transmission from the input layer to the output layer.
(3) Network synapse union is changed to minimize
Where Di is the neuron output from the output layer and di is the desirable output.
(4) The learning of each synapse union proceeds from the output layer to the input layer.
The method for learning is as follows;
(i) A processing element can be described in equation (2.2).
Where 6 i is the ith input, w is the synapse union coefficient, T is the leaming constant,C is leaming efficiency and 6 is the leaming signal. The ith leaming signal 6 i N of the N layer can be calculated from signal 6 iN+', which is the (N+1) layer as
Where uiN is the intemal state of the ith N layer neuron -and is described as
Where, fi is the neuron output function (XiN=fi(uiT) and fi is the derivative of fi.
The initial value of 6 , which is the learning signal 6 io of the output layer can be given as
Where, uio is the ith neuron intemal state of the output layer, the learning signal can be calculated sequentially from the output layer using the equation (2.3), and (2.5).
(5) The law of synapse union change during each learning process can be given as equation (2.6) using the leaming signal given by (4).
Where, n is the laming time step, is the learning constant, and a is the stabilized constant. Using the model extended by the Hess&Smith method [2] and by the discrete voltex method [3] , we determined the node number of the middle layer and the input/output variables for the system.
We determined the input signals as the ship cruising speed and propulsion thrust, the teaching signals and the output signals as oscillating frequency, phase angle, sway amplitude, and yaw amplitude. The number of middle layer nodes was determined to be four from the viewpoint of error energy function and system simplification. In addition, a two-phase servomotor, an AC servo control Amp, an oscillating drive device, and a fin were designed and manufactured. The oscillating drive device consisted of sway and yaw direction drive device, so it could move in these directions. 
III . Cruising Test
An oscillating fin propulsion system equipped with a controller was constructed in order to conduct the tank cruising test. The oscillating fin propulsion system loaded on the ship model is shown in figure 3 .1. The view during the test is shown in figure 3. 2. An independent oscillating fin propulsion test and ship model cruising test were conducted. During the ship model cruising test with the computer, the data generated by the cruising test with two-phase servomotor were used as teaching data. Back propagation was conducted for determining the weight of the neural network. Thus, the ship cruised using the oscillating fin drive command signal, which was produced by forward direction calculation of the neural network from the reference command signal. The shape of the oscillating fin is a rudder form type, shown in figure 3.1. One half is rigid, but the other half is rigid and/or flexible. We have, therefore, tested several types of flexible fins by changing the elasticity and the shape as shown in figure 3 .3. (1) Based on the results of the independent oscillating fin propulsion test, the average thrustforce generated from the oscillating fin possesses a positive maximum value of around 90 degrees, and a negative maximum value of around-90 degrees of sway-yaw phase angles, respectively. Thrust force changes like a sine curve with respect to the phase angle as shown in figure 4.1. The average thrust force increases in proportion to the oscillating frequency and the sway amplitude. (5) Fin elasticity can effect the maximum thrust force, and the efficiency can be improved by more than 20 percent compared with a rigid fin. The fish fin shape, which has the same area as a rudder fin, has thrust force and efficiency which surpasses all other shapes.
(6) Gyration can be conducted using the oscillating fin. It has both cruising thrust and gyration functions using only one actuator.
V . Conclusion
The effectiveness of the oscillating fin cruising system was confirmed during the tank cruising test.
And the following advantages were considered.
(1) The safety actuator can be created for avoiding dangerous rolling generated by screw.
(2) The effectiveness of a neural network was proven especially for identification of vehicles with oscillating fins. The generality of the system's application was then improved.
(3) The transition from positive/negative to negative/positive thrust force can be conducted easily. The hovering characteristics were therefore improved.
(4) The oscillating fin device can control both the thrust force and its direction, simultaneously.
(5) The fin's flexibility can be utilized actively. It is therefore possible to improve the propulsion performance.
As a result of the research, basic characteristics of the oscillating fin were observed, and the possibility for use on ships as a vehicle actuator has become promising.
The research outcomes can be widely applied to the propulsion system of various vehicles, such as ships, underwater vehicles and robots.
